Laser microdissection in conjunction with microarray technology allows selective isolation and analysis of specific cell populations, e.g., preneoplastic renal lesions. To date, only limited information is available on sample preparation and preservation techniques that result in both optimal histomorphological preservation of sections and high-quality RNA for microarray analysis. Furthermore, amplification of minute amounts of RNA from microdissected renal samples allowing analysis with genechips has only scantily been addressed to date. The objective of this study was therefore to establish a reliable and reproducible protocol for laser microdissection in conjunction with microarray technology using kidney tissue from Eker rats p.o. treated for 7 days and 6 months with 10 and 1 mg Aristolochic acid/kg bw, respectively. Kidney tissues were preserved in RNAlater or snap frozen. Cryosections were cut and stained with either H&E or cresyl violet for subsequent morphological and RNA quality assessment and laser microdissection. RNA quality was comparable in snap frozen and RNAlater-preserved samples, however, the histomorphological preservation of renal sections was much better following cryopreservation. Moreover, the different staining techniques in combination with sample processing time at room temperature can have an influence on RNA quality. Different RNA amplification protocols were shown to have an impact on gene expression profiles as demonstrated with Affymetrix Rat Genome 230_2.0 arrays. Considering all the parameters analyzed in this study, a protocol for RNA isolation from laser microdissected samples with subsequent Affymetrix chip hybridization was established that was also successfully applied to preneoplastic lesions laser microdissected from Aristolochic acid-treated rats.
Introduction
An exponentially increasing number of publications indicate that microarray technology is now an accepted and powerful tool for large-scale gene expression profiling. However, the outcome and interpretation of microarray studies can be strongly affected by inherent tissue heterogenicity. For example the kidney represents a tissue of high complexity with various structurally and functionally different compartments. It is therefore very difficult to causally link changes in gene expression patterns from whole kidney homogenates to cell-type-specific gene expression, the associated pathways and subsequent physiological effects. In addition, site-specific pathology-related gene expression changes, e.g., within a distinct tubular segment or a preneoplastic or neoplastic lesion can be diluted by the gene expression profile of other cell types in a whole tissue homogenate and thus not be readily detectable. Laser-assisted microdissection could be a useful tool to overcome such obstacles. Two of the most common technologies are laser capture microdissection (LCM) (Emmert-Buck et al., 1996) and laser microdissection and pressure catapulting (LMPC) (Schutze et al., 1998) . Both technologies allow the dissection of cell populations, single cells or even sub-cellular structures from frozen or paraffin-embedded tissues. As the microdissected structures remain morphologically intact and macromolecules are not damaged by the laser beam, proteins, DNA or RNA can be isolated for subsequent analyses. However, the combination of laser-assisted microdissection and microarray technology has to cope with three main challenges: (1) minimizing RNA degradation over several tissue (section) processing steps, (2) preserving tissue morphology for accurate histological examination of lesions selected for microdissection and (3) maintaining the proportionality of specific RNA species after several rounds of RNA amplification, required to obtain sufficient RNA for chip hybridization.
It is important to conserve high-quality RNA, as degraded RNA can result in detection of an altered expression pattern (Spiess et al., 2003) . RNA must therefore be protected during all processing steps, e.g., tissue harvesting, storage, sectioning, staining and fixation and finally during microdissection. Most of these steps are conducted at room temperature. The use of the commercially available stabilizing reagent RNAlater (e.g., from Ambion or Qiagen) could therefore be a promising tool for RNA preservation in cryo-fixed sections. As a first step of the experiments presented here, the use of RNAlater-preserved to snapfrozen tissue with respect to tissue morphology and RNA quality was compared. Furthermore, the influence of long term-storage, repeated use of same cryo-samples and different staining techniques on histomorphological tissue preservation and RNA quality was determined.
Besides maintaining tissue morphology and high-quality RNA, another challenge to be dealt with is the low amount of RNA obtained from microdissected material. Standard protocols for microarray analysis are based on starting amounts of 1-5μg total RNA. Yet laser-assisted microdissection yields at best nanograms of RNA. To overcome this obstacle, it is necessary to employ RNA amplification methods to generate the required microgram amounts of RNA. Linear one-cycle mRNA amplification by a T7-based in vitro transcription (IVT) protocol was first described by Van Gelder et al. (1990) and became the standard amplification and labeling protocol for the Affymetrix Chip technology. A second amplification round can be performed to further increase the RNA yield. However, a major concern remains as to whether the amplification via IVT maintains the proportionality of RNA species present in the original sample, since it was shown previously that gene expression ratios were not completely conserved between linearly amplified and non-amplified material (Baugh et al., 2001; Nygaard et al., 2005; Goley et al., 2004) . Consequently, the comparability of one-and two-cycle amplification protocols on the gene expression profiles of rat kidney samples was elucidated and presented here. Kidney samples were taken from rats treated with vehicle control or Aristolochic acid (AA), a potent genotoxic renal toxicant and carcinogen that was previously shown to induce tumors in kidney, forestomach and urinary bladder of the rat (Mengs et al., 1982) as well as renal toxicity, progradient fibrosis and urothelial tumors in women exposed to AA in Chinese slimming teas (Vanherweghem et Based on the results of the experiments presented here, a protocol for RNA isolation from laser microdissected samples with subsequent Affymetrix chip hybridization was established that was also successfully applied to preneoplastic lesions laser microdissected from Aristolochic acid-treated rats.
Methods
Animal treatment and tissue preparation. Heterozygous Tsc2 mutant Eker rats were purchased at 6-8weeks of age from the University of Texas MD Anderson Cancer Center, Smithville, USA. Upon arrival, rats were allowed to acclimatize to laboratory conditions for 4weeks. For the short-term experiment (7-day treatment) three randomly selected male Eker rats were gavaged daily with 10mg per kg BW Aristolochic acid (AA) per kg BW dissolved in 0.1M sodium bicarbonate, or with vehicle (0.1M sodium bicarbonate) alone. At the end of the experiment, rats were anesthetized and then killed via exsanguination subsequent to retrograde perfusion with PBS. Kidneys were collected, crosssectioned to 5-mm slices and either snap frozen with liquid nitrogen and stored at −80°C or fixed in RNAlater (Qiagen, Hilden, Germany) according to the manufacturer's instructions. For the latter procedure, kidney slices were incubated at room temperature for at least 1 h, kept at 4°C for up to 1 week, and then removed from the RNAlater reagent. From these kidney slices, kidney cortex was isolated and cortex and medulla stored separately in cryovials at −80°C. The RNA of the kidney cortex samples fixed in RNAlater was used for the comparison of the one-and two-cycle protocols shown in Figs. 3-5.
In the long-term exposure (6months) five male Eker rats per group were gavaged on 5 days per week for 6months with 1mg per kg BW AA dissolved in 0.1 M sodium bicarbonate and with vehicle (0.1 M sodium bicarbonate) respectively. Following treatment, kidneys were collected as described for the short-term experiment (above) and then stored using two different protocols: one set of kidney cross-sections was stored in RNAlater as described above, and a second set of kidney slices was snap frozen in liquid nitrogen immediately after harvesting and subsequently stored at −80°C. The kidney samples of these animals were used for results shown in (Figs. 1, 2 , and 6) and in all tables Sectioning and staining. Due to the high chaotrophic salt concentration of the RNAlater reagent, RNAlater preserved samples will not freeze in the cryostate and thus were thawed and then washed for 2 × 5min or 2 × 15min in ice-cold RNase-free PBS. For embedding samples were refrozen in the cryostate at −20°C. To avoid interference of frozen tissue embedding reagent OCT (Cryoblock, medite Medizintechnik GmbH, Burgdorf, Germany) with laser efficiency and RNA isolation, samples were frozen only on a small drop of OCT instead of being fully embedded in the medium. Both RNAlater-and snap-frozen kidney samples were cut to 10-μm-thick sections on a cryotome. Sections were mounted onto RNase-free membrane-covered slides (PALM Microlaser GmbH, Bernried, Germany) and air-dried on ice for 20 s. Subsequently, sections were fixed in ice-cold 70% ethanol (RNase-free) for 3min and air-dried for 5 to 10min.
For H&E (hematoxylin-eosin) staining, air-dried sections were stained with RNase-free Mayer's hematoxylin (Sigma Aldrich, Taufkirchen, Germany) for 3min, rinsed with RNase-free tap water and counterstained with RNase-free eosin Y (Sigma Aldrich, Taufkirchen, Germany), for 3 min.
For cresyl violet staining, ethanol-fixed sections were stained with 1% (w/v) cresyl violet acetate (Sigma Aldrich, Taufkirchen, Germany) in ACS-grade 100% EtOH for 20 s. Excess staining solution was removed by placing the sections on an absorbent surface.
Subsequent to H&E or cresyl violet staining, sections were dehydrated by shortly dipping the sections in 70% and then 100% ethanol. For further information, see the customer protocol page of the PALM homepage at: www. palm-microlaser.com.
Laser-assisted microdissection. For laser-assisted microdissection, a PALM laser microdissection and pressure catapulting (LMPC) system (PALM Microlaser GmbH, Bernried, Germany) was used. Areas of variable size were dissected from H&E-stained whole kidney sections (cresyl violet-stained sections were not used due to the poor histomorphological preservation of the sections, see below). The microdissected samples were collected in a non-contact and contamination-free manner, immediately lysed by addition of 300μl RLT lysis buffer (RNeasy Micro Kit, Qiagen, Hilden, Germany) containing 1% of β-mercaptoethanol (Sigma Aldrich, Taufkirchen, Germany) and stored at − 80°C. For quality control, total RNA was isolated from additional, non-dissected and unstained whole sections from each kidney examined.
RNA isolation and quality control. RNA of microdissected tissue was isolated using the RNeasy Micro Kit (Qiagen, Hilden, Germany). RNA from whole kidney cortex immersed in RNAlater was isolated with Qiagen RNeasy Mini Kits. All isolations were performed according to the manufacturer's instructions. The quality of the total RNA was analyzed with the Agilent 2001 Bioanalyzer (Agilent Technologies GmbH, Germany) using RNA 6000 Nano or Pico chips. Agilent 2100 expert software was used to determine RNA quality, designated as RNA Integrity Number (RIN). RIN is calculated from the entire electrophoretic trace by Agilent 2100 expert software and thus represents the relative ratios of several RNA regions, e.g., the 5S rRNA region, the region between the 5S and 18S rRNA and the 18S and 28S rRNA bands. Based on more than 1000 RNA samples of different quality, an algorithm was generated that describes RNA integrity much more reliably then than the mere ratio of the ribosomal (18S and 28S rRNA) bands. A RIN of 7-10 is indicative of high RNA quality, whereas a RIN of 1 marks a completely degraded RNA sample (Schroeder et al., 2006) .
For RNA concentrations ≥5ng/μl (kidney cortex samples), the RNA quantity was determined using Ribogreen (Molecular Probes, Eugene, USA). For lower RNA concentrations (LMPC samples) the RNA quantity estimate by the Agilent 2100 expert software was utilized.
Data were statistically analyzed using GraphPad Prism 4 software with oneway ANOVA followed by Bonferroni's post test for multiple comparisons or Student's t-test for individual comparisons.
RNA amplification. For the synthesis of biotin-labeled cRNA with one or two rounds of amplification, the Affymetrix One-cycle and Two-cycle kits were used according to the manufacturer's instructions, the latter in conjunction with the Megascript T7 kit from Ambion (Austin, USA). 5μg of total RNA was used for the one-cycle protocol, during which the RNA is first reverse-transcribed in the presence of an oligo-dT primer coupled with a primer sequence for bacterial T7-polymerase. Following the synthesis of the second cDNA strand, this cDNA template is then transcribed with T7-polymerase in the presence of biotin-labeled ribonucleotides to yield biotin-labeled antisense cRNA. The concentration, corrected for input RNA, and the RNA quality was determined based on OD 260/280 measurement and the Agilent 2100 Bioanalyzer profile.
Up to 50ng of total RNA was employed as starting material with the twocycle protocol. After the first round of cDNA synthesis as described above, unlabeled antisense cRNA was synthesized with the Megascript T7 kit from Ambion (Austin, USA). The cRNA from this first round of amplification was quantified after column purification using Ribogreen. The first strand of the second round of cDNA synthesis was primed with random primers, whereas the second strand was primed with the oligo-dT-T7 primer as described above. Finally, biotin-labeled cRNA was synthesized, quantified and quality controlled as described for the one-cycle kit.
Affymetrix chip hybridization and expression profiling. 15 μg of the fragmented biotin-labeled cRNA samples was hybridized on Affymetrix Rat Genome RAE230_2.0 Genechips according to the manufacturer's instructions. 2 . Kidney tissue was frozen immediately after sacrifice and stored at − 80°C for 12months. RNA was isolated from one complete kidney section of 3 independent replicate animals. Sections were stained with hematoxylin and eosin (H&E, black bars) or cresyl violet (white bars) and subsequently incubated for 0-6h or overnight (ON) at RT or at − 20°C. The control sections (1st bar) were lysed immediately after sectioning. Significant differences, analyzed by Bonferroni's multiple comparison test, are indicated using significance levels of p < 0.05 ( ⁎ ) and p < 0.001 ( ⁎⁎ ).
RAE230_2.0 Genechips contain 31,000 probe sets represented by 11 pairs of 25mer oligonucleotides. Each probe pair consists of a perfect match oligo (PM) complementary to the cRNA target sequence, and a mismatch oligo (MM) with a single base change in the middle to control for background and nonspecific hybridization. Raw data image files (DAT) were converted into CEL files by averaging the scan data from the 36 pixels per oligo set. With GeneData Expressionist Refiner software, dark and white spots, gradients and distortions were detected and corrected using the CEL file data. Using the MAS 5.0 statistical algorithms implemented in the Refiner software, the intensities of all 11 probe pairs were condensed to one intensity value per probe set associated with a statistical detection p-value calculated from the intensity differences of the PM and corresponding MM oligos. This p-value indicates how reliably a transcript is detected. After condensing, which also includes overall microarray background correction, the microarrays were scaled to an average signal intensity of 100 after excluding the highest 2% and lowest 2% of the data.
To select significantly deregulated genes between replicate sample groups representing kidney samples from short-term Aristolochic acid-treated and vehicle control Eker rats, a t-test (p ≤ 0.005) combined with a 1.7-fold deregulation cut-off implemented in Genedata Expressionist Analyst software was employed. Genes with an intensity of expression <15 in all samples to be compared were excluded from the analysis. Principle component analysis (PCA) was performed to reduce the dimensionality of the expression data and to graphically display the major trends within different experimental set-ups in a three-dimensional space.
Results

Tissue fixation and staining
Influence of tissue preservation on histology of the sections and on RNA quality
Degradation of RNA can result in detection of altered gene expression patterns. Therefore, the question was asked whether tissue preservation with RNAlater would stabilize RNA in cryosections and whether the required PBS washing steps would negatively influence RNA stability. Two RNAlater fixed kidney pieces, each of three replicate animals was washed for 2 × 5 min or 2 × 15 min in RNase-free, ice-cold PBS. Subsequently, cryosections were cut and RNA was isolated from a complete unstained and an H&E-stained section. As control, RNA was isolated from tissue homogenate of a third, unwashed RNAlaterfixed kidney piece. Table 1 depicts the RNA quality of the samples, displayed as RNA integrity number (RIN). The RNA quality is very good after 2 × 5 min or 2 × 15 min of washing in ice-cold PBS, with no significant difference to the control RNA from unwashed RNAlater-fixed tissue. The comparison with the RNA quality retrieved from snap-frozen tissue ( Table 2 , see below), RNAlater preservation provided for slightly lower RNA quality. Kidney morphology from RNAlater-fixed tissue sections was hardly discernible in unwashed kidney sections and also in sections washed for 2 × 5min (Fig. 1A) . Further washing in PBS appeared to improve the preservation of renal tubular morphological characteristics of the renal cortical structure (Fig. 1B) . However, cryosections from RNAlaterfixed tissue never achieved the histomorphological quality of cryosections from snap-frozen tissue even when stored up to 12 months at − 80°C (Fig. 1C) . Use of snap-frozen kidneys instead of RNAlater-fixed tissue appeared to allow a more precise histological and pathological examination, especially with regard to the identification of tubular structural detail, and thus to facilitate the structural identification required for LMPC.
RNA stability in snap-frozen kidney samples
Since long-term storage of frozen tissue samples may have a negative impact on preservation of histological features and RNA stability, the influence of cryo-storage on histomorphological characteristics and RNA quality was investigated with snap-frozen tissue stored at − 80°C for 5 or 12 months post initial cryopreservation. RNA was isolated from renal cryosections of four independent animals. No significant decrease of RNA quality (RIN) or yield (ng) could be observed in frozen tissue stored up to 12 months at − 80°C (Table 2 ). To elucidate whether repeated "thawing" of tissue samples from − 80°C to cryostate temperature (− 18°C to − 20°C) has any influence on RNA stability or tissue morphology, RNA was isolated from complete cryosections of three replicate animals, that had been snap frozen, stored at − 80°C for 12months, and were then subjected to one or three cycles of "thawing" and refreezing. The mean RIN number of the respective samples only slightly decreased from 9.3 ± 0.2 to 8.5 ± 0.2 after the first and the third freeze-thaw cycle, respectively, yet still providing for high-quality RNA. Microscopic examination of multiple thawed samples demonstrated that tissue morphology was not adversely affected, thus also allowing pathological examination and histological differentiation (see also Fig. 1C, and above) .
Influence of the duration of section staining procedure on RNA quality Current working procedures require cryosections to be microdissected at room temperature. Depending on the number of areas that have to be collected from one specific cryosection, the actual dissection could last for several hours. However, both time and temperature could be critical factors for the isolation of high-quality RNA. RNA yield (ng) and quality (RIN) may in addition be adversely influenced by different staining methods. However, for kidney pathology H&E staining is indispensable because it facilitates the distinction of morphological features as well as allows the detection of characteristic basophilic and eosinophilic preneoplastic and neoplastic lesions (Dietrich and Swenberg, 1991) . Therefore, the influence of H&E staining, temperature and LMPC duration on RNA yield and quality from H&E-stained cryosections was investigated. In addition, RNA stability of H&E-stained sections were compared with that of cresyl violet-stained sections, since cresyl violet is a recommended RNAlater-immersed kidney pieces from three replicate animals were washed for 2 × 5 min or 2 × 15min in ice-cold PBS before freezing and cryosectioning. RNA was isolated from one unstained or one H&E-stained section each. Control RNA was isolated directly from RNAlater-fixed, homogenized kidney cortex. RNA quality is displayed as mean RNA integrity number (RIN) ± SD. One-way ANOVA and Bonferroni's post test (p < 0.05 ( ⁎ ) and p < 0.01 ( ⁎⁎ )) suggested the absence of significant differences between the samples.
staining method for subsequent RNA applications (customer protocol page at: http://www.palm-microlaser.com). The comparison of RNA immediately retrieved from unstained control sections and H&E-stained sections demonstrated no significant influence of staining on RNA quality (Fig. 2, 1st and 2nd bar) . Additional handling of the sections at room temperature, up to 3 h, tendentially but not significantly decreased RNA quality.
Additional handling time, 6 h to overnight, decreased RNA quality significantly with RIN number decreasing to values below 7.0 (Fig. 2 , bar 2-6). In contrast cresyl violet staining resulted in a significant decrease of the RIN number directly after staining (Fig. 2, 1st and 8th bar). However, as of then RNA quality appeared to remain stable over time (Fig. 2, bar 8-12 ). Storing the differently stained sections overnight at − 20°C in general appeared to reduce the rate of RNA degradation. When comparing the RIN numbers of the H&E with the cresyl violetstained sections within the first 3 h of handling at room temperature, thus representing a reasonable processing time, H&E sections provided for a higher RNA quality than the corresponding cresyl violet-stained sections. Therefore, RNA of high quality that allows additional RNA processing, e.g., chip hybridization, can be best obtained from H&E-stained cryosections within 3 h post staining.
RNA quality and yield from pooled microdissected samples
To investigate whether the area of pooled microdissected samples had an influence on RNA quality and yield, areas of 1mm 2 and 2 mm 2 were laser microdissected from H&E-stained cryosections and analyzed. These analyses as shown in Table 3 suggested that total RNA from pooled sections were of comparably high quality (RIN > 8.0). RNA yields from both 1mm 2 or 2mm 2 sections (Table 3 , also see below) indicated that microdissection of an approximate area of at least 2 mm 2 was necessary to achieve the minimum amount of RNA (5ng to 100 ng of total RNA) required for the two-cycle amplification protocol. For area comparison, a cross-sectioned glomerulus has an average area of 0.02 mm 2 .
RNA amplification and microarray hybridization
Influence of one-cycle and two-cycle amplification on the expression profile Laser-assisted microdissection only yielded nanograms of RNA, thus necessitating global mRNA amplification for an intended subsequent microarray analysis. Therefore, microarray experiments with different starting amounts of kidney RNA were subjected to one-or two-cycle amplification to investigate the influence of one-cycle or two-cycle amplification on the expression pattern. Fig. 3 depicts that the RNA amplification factor is highly dependent on the starting amount of RNA. Using 10ng of starting RNA, two-cycle amplification led to a 12,000-to 14,000-fold increase in RNA yield. With 50ng of starting RNA, the same protocol resulted in 2500-to 3000-fold RNA yield. One-cycle amplification with 5 μg of starting RNA led to a 20-to 30-fold increase of the RNA yield. Irrespective of the amount of starting RNA or the amplification protocol employed, the RNA yield was comparable (Fig. 3) . The latter observation was tested with a Bonferroni's multiple comparison test which suggested that no significant differences can be observed. This further suggests a saturation of the amplification process, an artifact that could lead to preferential amplification of certain genes and consequently in the generation of aberrant expression profiles. To test this hypothesis, the expression profiles of above samples were analyzed using Affymetrix Rat Genome RAE230_2.0 arrays. The heat maps in Fig. 4 depict the ratios of gene expression calculated by dividing the expression values in the single AA-treated replicate samples by the mean expression value of the corresponding time-matched control replicates. Most of the genes selected with both the one-cycle protocol and the twocycle protocol starting with 10ng were similarly upregulated after one-and two-cycle amplification. Only ca. 20% of the genes were qualitatively differently expressed in the two protocols, i.e., approximately 80% of the genes were found to be significantly and similarly deregulated following a one-cycle and two-cycle amplification. Furthermore, a preliminary analysis of specific genes that were deregulated following AA Table 2 Influence of long-term storage on RNA quality (RIN) and yield (ng RNA) Duration frozen at − 80°C (months) RIN (mean ± SD of 4 replicates) RNA ng yield (mean ± SD of 4 replicates) 5 9.4 ± 0.4 681.6 ± 103.3 12 9.2 ± 0.2 493.5 ± 135.7
RNA was isolated from one complete section from the kidneys of 4 replicate animals. Kidney samples were snap-frozen rather than RNAlater immersed. The duration the tissues were kept frozen at − 80°C as of initial freeze storing is shown in the first column. Table 3 RNA quality and yields from pooled microdissected samples treatment demonstrated that the same main biological pathways were identified in the two amplification protocols thus suggesting that no preferential/aberrant gene expression is observed due to differing amplification protocols (Stemmer et al., in preparation).
Reproducibility of RNA amplification and microarray hybridization Absolute expression profiles of all genes on a microarray may be influenced by the reagent lots used. Therefore, hybridization of cRNA prepared at different dates with different reagent lots was carried out at varying dates. This was done with RNA from the short-term AA-treated and vehicle control samples described above and whose separation in the three-dimensional space (PCA) is illustrated in Fig. 5 . The principle components after the one-and two-cycle protocols separate from each other only in one dimension, whereas the principle components of treated and control samples separate in another dimensions namely the amplification procedure dimension and the treatment dimension. The 20% of the total deregulated genes observed that differed between the two amplification protocols may have been responsible for the shift in the dimension observed in the PCA (Fig. 5A ). From these observations it can be concluded that genes deregulated between treated and control samples can be detected reliably, as reported above, but that microarrays from treated samples must be compared with control microarrays employing the identical amplification and hybridization protocol. Preparation of cRNA at different dates using separate reagent kits leads to a separation of the overall expression profile in PCA space (Fig. 5B ). This appears mainly due to the separate Fig. 4 . Expression profiles of differentially expressed genes. Genes that were assigned to be differentially expressed after one (OC)-or two (TC)-cycle amplification of the indicated amount of RNA from rat kidney after treatment with Aristolochic acid for 7days were subjected to one-dimensional cluster analysis using Euclidian as distance metric. The heat maps show ratios of gene expression calculated by dividing the expression values in the single treated replicate samples through the mean expression value of all corresponding time-matched control replicates. The left diagram depicts the genes commonly selected with the TC (10ng) and the OC protocol, the diagram in the middle those specifically selected with the TC (10 ng) protocol, and the diagram on the right those specifically selected with the OC protocol. The red color illustrates upregulated and green downregulated genes always in comparison to the corresponding control, as indicated by the color scale. cRNA synthesis and not as a result of microarray hybridization at different dates, an interpretation that is corroborated by the PCA in Fig. 5C , for which two separate cRNA preparations were hybridized on the same day, yielding a very similar dimensional separation as observed for the PCA in Fig. 5B . Despite the influence of amplification protocols and possibly hybridization, profile separation between treated and control is always maintained. The conclusion of the above findings thus would be that in order to select differentially expressed genes due to a given treatment, samples of the control and treatment groups must be prepared using the identical protocol and within the same protocol handling run.
Performance of the established protocol
To test the reliability of above protocol RNA was isolated from microdissected samples of control and AA exposed male Eker rats (n = 3) of the 6-month experiment for Affymetrix chip hybridization. Three different types of renal lesions, namely basophilic atypical tubuli (bAT) basophilic hyperplasia (bHA) and chronic progressive nephropathy (CPN), as well as healthy tissue (HT) of the same rats were excised via LMPC. RNA (5ng) was isolated from each sample type (lesion type or HT) and analyzed on Affymetrix RAE230_2.0 chips (one chip per lesion type or HT and animal). Amplification factors were comparable for excised sample types. A boxplot, displaying the absolute expression values after scaling to a mean target expression value of 100 per microarray, was used as a quality check of the hybridized chips. No outliers or significant variations in chip hybridizations were found. The data thus demonstrated that the procedure developed generated reproducible and reliable gene expression determinations.
Discussion
Gradual degradation of RNA can introduce a variable bias in the quantification and amplification of gene transcripts. This degradation, especially during a protocol encompassing various processing steps, can severely affect the results of downstream applications, e.g., gene expression profiling. It is therefore crucial to protect the RNA from degradation in order to obtain reliable gene expression results. RNA integrity numbers can be used as standard to define an individual minimum threshold of RNA quality. For the study presented here a RIN number threshold of 7.0 was used. This threshold was chosen based on recommendations by the manufacturer Agilent, who also provides the RIN-calculating software (Schroeder et al., 2006) . The comparison of different preservation and staining techniques demonstrated that RNA with the required high quality as well as optimal conservation of tissue morphology can be obtained from cryosections of snap-frozen tissue samples that were stained with H&E. The latter findings, however, stand in contrast to previously published data by Ellis et al. (2002) where RNAlater-fixed and PBS-washed pancreas samples provided reasonably good tissue morphology. Thus caution is advised as to generalizations of fixation and processing protocols, while emphasizing that protocol optimization procedures, as presented here, are advisable for every animal and organ prior to embarking on expression profile analyses of microdissected tissue samples.
From all parameters tested, processing of cryosections at room temperature had the most adverse effect on RNA quality, emphasizing that in order to conserve high-quality RNA from stained cryosections, 3 h of processing should not be exceeded.
In addition to maintenance of RNA quality, standardization of RNA amplification and chip hybridization is of utmost importance. Indeed, optimization of amplification protocols also entailed starting with comparable RNA quantities in order to avoid saturation effects, as demonstrated here. Due to the tubular structure of the kidney, microdissected areas of comparable size Fig. 6 . Boxplot analysis of Affymetrix genechip data obtained from microdissected renal samples. 5ng kidney RNA isolated from various sample types of rats (n = 3) treated with AA for 6months. Sample types: healthy tissue (HT), basophilic atypical tubuli (bAT), basophilic hyperplasia (bHA), and chronic progressive nephropathy (CPN). Isolated RNA was subjected to twocycle amplification and Affymetrix RAE230_2.0 chip hybridization. After scaling to a target intensity of 100, the expression intensity distribution in each Affymetrix chip, corresponding to a given sample type and animal, was visualized in a boxplot format. The box itself is limited by lower and upper hinges, which correspond to the 25% and 75% quantiles, respectively.
(mm 2 ) can vary in RNA yields. A minimum area of 2 mm 2 should be microdissected for reliable RNA quantification and subsequent two-cycle amplification. In addition, it was demonstrated that samples should be prepared with an identical protocol during the same time frame and quality analysis by box plot analysis, to ensure reliable gene expression data. In conclusion, a protocol for laser-assisted microdissection in conjunction with Affymetrix microarray technology was established that allows investigation of rat kidney gene expression profiles with high reproducibility and reliability (Fig. 6 ). This protocol is described in detail in Appendix A.
